Introduction {#S0001}
============

Worldwide, endometrial cancer (EC) is the most prevalent invasive gynecologic malignancy.[@CIT0001] Despite recent therapeutic advances, in many cases, treatment failure results in cancer recurrence, metastasis, and death.[@CIT0001],[@CIT0002] The 5-year survival rate is only 84% for white women and 62% for black women in the United States.[@CIT0003] Imbalances in sex steroid hormones---excess stimulation of endometrial epithelium by estrogen relative to progesterone---are often conceptualized as a leading paradigm to account for the etiology of endometrial carcinomas.[@CIT0004] Most studies are entirely focused on neoplastic cells themselves and do not pay sufficient attention to the microenvironment in which the neoplastic cells survive.[@CIT0005] The tumor microenvironment is a heterogeneous population of cells mainly composed of epithelial cells, stromal fibroblasts, and inflammatory and endothelial cells. In fact, the crosstalk between the tumor and stroma promoting tumor growth and invasion has clearly indicated the dual role of stromal cells in the normal and cancerous states.[@CIT0002] Unfortunately, the details of the related mechanism of the correlation between estrogen and stroma remain largely unclear, even though accumulated data have shown that E2 might have no direct effect on E2-induced uterine epithelial proliferation.[@CIT0006]

It is known that after dispersed form blood vessels, estrogen directly acts on nearby stromal cells instead of "distant" epithelial cells. Furthermore, in addition to the direct effects on epithelial cells, estrogen can regulate epithelial cells in a paracrine fashion through stromal cells. In the female reproductive tract, it also appears that steroid receptors in ESCs, but not in the epithelium, may be required for the action of E2, thus demonstrating the paracrine role of stromal cells in endometrial function.[@CIT0006] Therefore, genetic alterations at the molecular level in ESCs might precede this alteration in epithelial cells and essentially act as the initial driver of EC pathogenesis. Accumulating data indicate that estrogen mediates the biological behaviors of epithelial and endothelial cells by regulating paracrine activities in ESCs through signaling pathways such as the SDF-1α/CXCR4, TNF-α/HGF/C-met and VEGF/VEGFR1 pathways.[@CIT0007]--[@CIT0009] Interestingly, estrogen also induces ESCs of the mouse uterus to upregulate stromal FGF10 and Bmp8a expression, which promotes epithelial proliferation.[@CIT0010] However, we do not know whether estrogen indirectly controls the proliferation and invasion of human epithelial cells by paracrine FGFs in ESCs.

The present study demonstrated that estrogen-induced FGF18 was elevated in stromal cells and stimulated the growth and invasion of EC cells. FGF18 bound FGFR2 or FGFR3 to activate downstream ERK and AKt pathways and to promote EC cell viability with a close correlation with Survivin and CD44V6 but not with P53 expression. Patients with endometrioid endometrial carcinoma (EEC) had higher stromal FGF18 expression.

Patients and Methods {#S0002}
====================

Patients {#S0002-S2001}
--------

The endometrial samples that were used for primary culture were obtained from patients with normal endometrium (NE), atypical endometrial hyperplasia (AEH) and endometrioid endometrial carcinoma (EEC). A series of tissue microarrays that included 90 patients with EC were performed in this study. All patients were treated with radical surgery for EC and pelvic lymphadenectomy at Gongli Hospital between January 2008 and November 2012. None of the patients had preoperative chemotherapy. The histology subtypes consisted of 75 cases of type I and 15 cases of type II EC. In accordance with the Declaration of Helsinki, the Ethical Committee of Gongli Hospital of Second Military Medical University approved this study. Written informed consent was obtained from all patients.

Drugs and Antibodies {#S0002-S2002}
--------------------

17β-Estradiol (E2, Sigma-Aldrich, Missouri, USA) was dissolved in DMSO at a concentration of 1 μM and stored at −20 °C. The Cell Counting Kit-8 (CCK-8, Dojindo, Kumamoto, Japan) reagent was purchased from Lizhi Biological Company. Antibodies against Vimentin (catalog no. ab92547), FGF18 (catalog no. ab86571), GAPDH (catalog no. ab8245), ER (catalog no. ab108398), FGFR1 (catalog no. ab824), FGFR2 (catalog no. ab109372), FGFR3 (catalog no. ab155960), FGFR4 (catalog no. ab240205), P53 (ab26), Survivin (ab76424) and CD44V6 (ab78960) were purchased from Abcam. Antibody against CKpan (catalog no. RAB-0050) was purchased from MXB Biotechnology (China). Antibodies against AKt (catalog no. 9272S), phosphorylated (p)-Akt (Ser473) (catalog no. 9271), P44/42 MAPK (ERK1/2) (catalog no. 4695) and phosphorylated (p)-p44/42 MAPK (ERK1/2) (catalog no. 9488) were purchased from Cell Signaling Technology, Inc.

Cell Culture {#S0002-S2003}
------------

The EC cell lines Ishikawa and Hec-1A were obtained from Shanghai Key Laboratory of Female Reproductive Endocrine Related Diseases, Obstetrics and Gynecology Hospital of Fudan University. The immortalized human ESC line hESCs, established from a patient with uterine leiomyoma at Obstetrics and Gynecology Hospital of Fudan University, were obtained from Shanghai Key Laboratory of Female Reproductive Endocrine Related Diseases. Primary ESCs were isolated from patients with proliferative endometrium at the Obstetrics and Gynecology Hospital, Fudan University. Briefly, the endometrial samples were washed with PBS three times, cut into 1--3 mm^3^ pieces, and digested for 30 min at 37 °C in PBS containing 2 mg/mL collagen IV (Invitrogen, USA). Stromal cells were separated from epithelial cells by sequential sieving through 100 µm, 70 µm and 40 µm nylon sieves, with ESCs passing into the filtrate. All cell lines and primary-culture ESCs were cultured in DMEM/F-12 medium (Gibco, USA) with 10% fetal bovine serum (FBS, Gibco, USA) and antibiotics, including streptomycin (100 µg/mL), penicillin (100 µg/mL) and amphotericin B (0.5 µg/mL) (all Sigma, USA). Some epithelial cells were mixed with ESCs during the process of primary culture. However, epithelial cells are difficult to passage, so the mixed epithelial cells disappeared after passaging. Therefore, we only used ESCs that had been passaged 2--3 times for the following tests. To identify the origin of primary culture cells, we detected CK and Vimentin expression in primary culture cells with a WB assay. ESCs were used for subsequent experiments only when the purity exceeded 95%. All cell lines in our experiment were authenticated by STR profiling.

Estrogen Treatment {#S0002-S2004}
------------------

Primary ESCs, which can be reseeded and cultured for approximately 10 generations without genetic changes, were treated with 10 nM E2 for 48 h to identify the changes in FGF family genes. Both hESCs and primary ESCs were evaluated for FGF18 expression after 0, 10 and 100 nM E2 treatments. The hESCs were co-cultured with EC cells at a concentration of 10 nM E2. After centrifugation and sterile filtration, the cell medium (CM) of hESCs treated with E2 for 72 h was collected and stored at −20 °C.

Agilent Microarray {#S0002-S2005}
------------------

After primary ESCs were treated with 0 nM (the control group) or 10 nM E2 for 3 d and 7 d, 1×10^6^ ESCs were suspended in 1.0 mL of TRIzol reagent (Invitrogen, USA) according to the manufacturer's instructions. The mRNA was reverse-transcribed into cDNA (Takara), and the quality was verified before sending the samples to KangCheng Bio-Tech (Shanghai, China) for Agilent Whole Human Genome Array GeneChip microarray analysis. Data analysis was performed using Agilent Feature Extraction Software. Differential expression of genes was expressed as the fold change, and compared with gene expression in the control group. Genes with a 2-fold difference simultaneously in both the 3 d and 7 d groups were considered significant. To focus our research on certain fundamental and crucial genes, we added the fold value of the differentially expressed genes of the 3 d and 7 d groups and selected those genes with a total sum of fold value ≥ 5 as genes of interest in our study.

Western Blotting {#S0002-S2006}
----------------

Primary cultured ESCs and the ESC line hESCs were lysed with RIPA buffer supplemented with protease inhibitors, and proteins were quantified using a bicinchoninic acid (BCA) protein assay kit (Beyotime, China). Whole-cell lysates (20 μg of protein per lane) were subjected to 4--15% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene fluoride (PVDF) membranes. After blocking with 5% BSA for 2 h, PVDF membranes were incubated with antibodies at 4 °C. Afterwards, antigen-antibody complexes were incubated with goat anti-rabbit HRP-conjugated secondary antibody for 1 h at room temperature. Finally, detection was performed with electrochemiluminescence (ECL, Thermo, USA). All WBs were repeated three times, and the average values were used for subsequent statistical analyses.

Co-Culture Experiment {#S0002-S2007}
---------------------

After digestion and suspension, 5×10^5^ EC cells and 1×10^5^ hESCs were seeded into the lower chambers and upper inserts of 24-well plates, respectively, for the co-culture experiment. Tumor cells were cultured with MEM/F-12 medium and 10% FBS and E2 at a concentration of 10 nM. The proliferation of EC cells was detected by the CCK-8 assay. Each experiment was repeated at least three times in triplicate.

Cell Proliferation {#S0002-S2008}
------------------

After co-culture of hESC and EC cells for 0, 24, 48 and 72 h, Ishikawa or Hec-1A cells were washed three times with PBS, and 100 μL of CCK-8 (Dojindo, Kumamoto, Japan) solution was added to every well of a 24-well plate. After incubation for 1 h, the absorbance of cells was measured at 450 nm using an ELISA reader (BioTek, Winooski, VT, USA) according to the manufacturer's instructions. Each experiment measured six samples at a time, and each experiment was performed for a minimum of three times.

Transwell Assay {#S0002-S2009}
---------------

A Transwell assay (Costar; Corning, Inc.) was performed to evaluate the invasive ability of Ishikawa and Hec-1A cells in vitro. The upper inserts were coated with growth factor-reduced Matrigel for the invasive assay. Ishikawa or Hec-1A cells were seeded into the upper inserts at a concentration of 1×10^5^ cells. The medium in the upper inserts contained 50% serum-free DMEM-F12 medium and 50% CM of estrogen-treated hESCs a total volume of 500 μL. Medium containing 10% FBS was added to the lower chambers as a chemoattractant. Following incubation at 37 °C for 24 h, the medium of the upper insert was discarded, and cells on the upper surface, especially the edge, of the membrane were removed by a Q-tip. The invaded cells were fixed with formaldehyde and stained using 0.5% crystal violet (Sigma-Aldrich; Merck KGaA). The number of invaded cells was counted in five randomly selected fields.

Cell Transfection {#S0002-S2010}
-----------------

We chose the immortalized ESC line hESCs for our transfection assay because the rate of cell infection in the ESC line hESCs was higher than that in primary-culture ESCs. FAM-siRNAs against FGF18, FGFR1, FGFR2, FGFR3 and FGFR4 were designed and synthesized by GenePharma Inc. (Shanghai, China). The transfection of siRNA-FGF18 in hESCs and the transfection of siRNA-FGFR1, -FGFR2, -FGFR3 and -FGFR4 in Ishikawa cells were performed using Lipofectamine 3000 (Invitrogen, Life Technologies, USA) in a 6-well plate with 10^5^ cells. The transfection efficiency of antibodies was detected by WB 48 h after transfection. SiRNA-FGF18-transfected hESCs were co-cultured with EC cells at a concentration of 10 nM E2 for the subsequent evaluation of cell proliferation and invasion. Ishikawa cells transfected with siRNA-FGFR1, siRNA-FGFR2, siRNA-FGFR3 and siRNA-FGFR4 were used to identify the downstream signaling pathways of FGF18.

Immunohistochemistry {#S0002-S2011}
--------------------

Formalin-fixed, paraffin-embedded archival tissue samples were retrieved from 90 sampled cases. TMA was constructed according to the method by Matysiak et al.[@CIT0011] Immunohistochemical staining with FGF18 antibody was performed on the TMA sections using the Bond Polymer Intense Detection System (Leica Microsystems, Inc., Germany) according to the manufacturer's protocol with minor modifications. The intensity of immunostaining was scored as 0, negative; 1+, weak; 2+, moderate; or 3+, intense. The proportion of positive-stained cells was assigned to one of four categories: 0, ≤ 5%; 1, 6--25%; 2, 26--50% and 3, 50%-75%; or 4, \>75%. The staining intensity and the proportion of positively stained cells were summed to calculate the cumulative score. According to the immunostaining score, the 90 EC cases were divided into a low expression group (0--6 score) and a high FGF18 expression group (8--12 score). FGF18 was positively expressed in stromal and epithelial cells, but in this study, we only scored stromal FGF18 expression.

Statistics Methods {#S0002-S2012}
------------------

Statistical analyses were performed using SPSS Statistics software version 20.0 (IBM Corporation, USA), and the data are presented as the mean ± standard deviation (SD). The results of the protein expression, cell proliferation and invasion assays were analyzed using Student's t-tests. Associations between stromal FGF18 expression levels and clinicopathological variables were assessed using Chi-square tests. The results with a P value ≤ 0.05 were considered significant (\* P≤0.05; \*\* P≤0.01; \*\*\* P≤0.001).

Results {#S0003}
=======

Identification of ESCs and E2 Treatment {#S0003-S2001}
---------------------------------------

Primary culture ESCs were derived from patients that were diagnosed with normal endometrium (NE), endometrial atypical hyperplasia (EAH) and endometrioid endometrial carcinoma (EEC). To identify the purity of the different ESCs, we detected Vimentin and CKpan expression in different kinds of ESCs and hESCs by WB. The WB results indicated that all ESCs were positive for Vimentin but negative for CKpan expression ([Figure 1A](#F0001){ref-type="fig"}). The present study aimed to understand the paracrine effects of estrogen-treated ESCs to ensure that ESCs express estrogen receptors (ERs). The results showed that primary culture ESCs and hESCs expressed both ERα and ERβ proteins. After treatment with 10 nM E2 for 72 h, primary ESCs and hESCs had morphological alterations, such as oval- and short fusiform shapes becoming slim- and fishbone-like arranged shapes ([Figure 1B](#F0001){ref-type="fig"}).

Estrogen Promoted ESCs to Increase Paracrine FGF18 Expression {#S0003-S2002}
-------------------------------------------------------------

We analyzed the results of the Agilent microarray and found 25 upregulated and 20 downregulated genes with significant differential expression. These differentially expressed genes were involved in signaling pathways, transcription factor function, energy metabolism and RNA regulation. We show 11 genes that were identified to be involved in signaling pathways in [Table 1](#T0001){ref-type="table"}. We summarize the characteristics of mRNA expression for the FGF-related family genes after estrogen treatment for 3 d in [Figure 2A](#F0002){ref-type="fig"}. The results revealed 11 upregulated and 10 downregulated genes of FGF-related family members (including ligands and receptors). However, only the expression of FGF18 mRNA was upregulated 3.46-fold compared with the control group, which was not treated with estrogen. To verify the results of the Agilent microarray, we examined FGF18 expression in primary ESCs and the ESC line hESCs after treatment with 0, 10 and 100 nM E2 by WB. The expression of FGF18 protein in ESCs was increased after E2 treatment. Compared with that in the control groups, which were only cultured with DMEM-F12 medium, stromal FGF18 expression in the 10 nM and 100 nM E2 treatment groups was elevated ([Figure 2B](#F0002){ref-type="fig"}). Furthermore, upregulated FGF18 expression was found in hESCs after 10 nM and 100 nM E2 treatments ([Figure 2C](#F0002){ref-type="fig"}). ELISA results also demonstrated that paracrine FGF18 proteins in the CM from ESCs and hESCs were enhanced after treatments with 10 and 100 nM E2 ([Figure 2D](#F0002){ref-type="fig"}).Table 1The mRNA Expression of Genes with Significant Difference in ESCs That Being Involved in Signaling Pathways After 10 nM E2 TreatmentFold SumGene SymbolDescriptionSummary−10.24TLR4Toll Like Receptor 4A member of the Toll-like receptor (TLR) family−9.52KITLGKIT LigandA ligand of the tyrosine-kinase receptor−8.14RGS5Regulator Of G Protein Signaling 5A member of the regulators of G protein signaling (RGS) family.−6.52THEM4Thioesterase Superfamily Member 4A Protein kinase B (PKB) is a major downstream target of receptor tyrosine kinases that signal via phosphatidylinositol 3-kinase−5.4TMEM237Transmembrane Protein 237A tetraspanin protein that is thought to be involved in WNT signaling.5.09RGS9BPRegulator Of G Protein Signaling 9 Binding ProteinEnhances the ability of RGS9-1 to stimulate G protein GTPase activity5.11LMTK3Lemur Tyrosine Kinase 3Among its related pathways are ERK Signaling5.13FAM83BFamily With Sequence Similarity 83 Member BProbable proto-oncogene that functions in the epidermal growth factor receptor/EGFR signaling pathway.5.13CELSR1Cadherin EGF LAG Seven-Pass G-Type Receptor 1Annotations related to this gene include G protein-coupled receptor activity and transmembrane signaling receptor activity5.25ANGPT4Angiopoietin 4ERK Signaling and Cell surface interactions at the vascular wall5.93FGF18Fibroblast Growth Factor 18FGF family members that bind FGF receptors (tyrosine kinase receptor) to be involved in embryonic development, cell growth, morphogenesis, tissue repair, tumor growth, and invasion.

E2 Promoted the Proliferation and Invasion of EC Lines via Paracrine FGF18 Expression {#S0003-S2003}
-------------------------------------------------------------------------------------

The EC cell lines Ishikawa and Hec-1A were co-cultured with hESCs to observe paracrine growth promotion in adjacent epithelial cells ([Figure 3A](#F0003){ref-type="fig"}). Estrogen-treated hESCs promoted the proliferation of Ishikawa and Hec-1A cells through a paracrine mechanism. Compared with the control group, the estrogen-treated experimental group had more strongly increased proliferation in both Ishikawa and Hec-1A cells after 48 and 72 h of culture ([Figure 3B](#F0003){ref-type="fig"} and C). As the model ([Figure 3D](#F0003){ref-type="fig"}) showed, the numbers of invading Ishikawa and Hec-1A cells increased after co-culture with CM from estrogen-treated hESCs for 24 h ([Figure 3E](#F0003){ref-type="fig"} and F). WB demonstrated that FGF18 expression in FGF18-knockdown hESCs was obviously less than that in the negative control cells ([Figure 3G](#F0003){ref-type="fig"}). ELISA results also revealed that despite treatment with 10 nM E2 for 48 h, the paracrine FGF18 protein level in the CM of siRNA FGF18-transfected hESCs decreased markedly ([Figure 3H](#F0003){ref-type="fig"}). When co-cultured with si-FGF18-treated hESCs, Ishikawa and Hec-1A cells had decreased proliferation compared to the negative control groups of si-NC-treated hESCs ([Figure 3I](#F0003){ref-type="fig"} and J). The number of invading Ishikawa and Hec-1A cells was decreased after culture with CM from estrogen-treated FGF18-knockdown hESCs for 24 h ([Figure 3K](#F0003){ref-type="fig"} and [L](#F0003){ref-type="fig"}).

FGF18 Bound FGFR2 and FGFR3 to Activate Downstream ERK and Akt Signaling {#S0003-S2004}
------------------------------------------------------------------------

To ascertain the effective receptors and detailed downstream pathways of stromal paracrine FGF18, we knocked down FGFR1-4 expression in Ishikawa cells ([Figure 4A](#F0004){ref-type="fig"}). We co-cultured hESCs with FGFR1-, FGFR2-, FGFR3- or FGFR4-knockdown Ishikawa cells treated with E2 at a concentration of 10 nM and explored the expression of a few downstream target genes ([Figure 4B](#F0004){ref-type="fig"}). WB results showed that FGFR2- and FGFR3-knockdown Ishikawa cells had reduced expression of phospho-ERK, phospho-Akt, Survivin and CD44V6 ([Figure 4C](#F0004){ref-type="fig"}). In contrast, FGFR1- and FGFR4- knockdown cells had the same expression of phospho-ERK, phospho-AKT, Survivin and CD44V6 as the control group of si-NC Ishikawa cells. Our results demonstrated that FGF18 bound FGFR2 and FGFR3 to activate downstream ERK and Akt signaling and had close correlations with Survivin and CD44V6 expression. The expression of ERK, Akt, and P53 was not different among all FGFR-knockdown groups, which indicated that these genes were not downstream target genes of FGF18. FGFR2- and FGFR4-knockdown Ishikawa cells were co-cultured with hESCs treated with 10 nM E2 for 1 d (cell invasion) and 3 d (cell proliferation). The results showed that FGF18/si-FGFR2 signaling inhibited the proliferation and invasion of Ishikawa cells compared to FGF18/si-NC and FGF18/si-FGFR4 signaling ([Figure 4D](#F0004){ref-type="fig"} and E). FGF18-FGFR2 or FGFR3 signaling should play major roles in the proliferation and invasion of EC cells.

Clinical Patients with Type I EC Had Higher Stromal FGF18 Expression {#S0003-S2005}
--------------------------------------------------------------------

Five cases of primary culture ESCs derived from NE, EAH and EEC patients were assayed for FGF18 expression by WB ([Figure 5A](#F0005){ref-type="fig"}). The results demonstrated that ESCs in EEC had higher FGF18 expression than ESCs in NE and EAH ([Figure 5B](#F0005){ref-type="fig"}). In contrast, FGF18 expression in ESCs of the NE and EAH groups was not different. We also measured FGF18 expression in EC TMAs by using immunohistochemistry staining. Stromal (\* shown) and epithelial (arrow shown) cells of type I EC had stronger expression of FGF18, whereas only the epithelium of type II EC had increased FGF18 expression ([Figure 5C](#F0005){ref-type="fig"}). The analysis of the FGF18 score in EC TMA revealed that patients with type I EC had higher stromal FGF18 scores than patients with type II EC or with proliferative phase ([Figure 5D](#F0005){ref-type="fig"}).

Discussion {#S0004}
==========

The tumor microenvironment plays an essential role in the malignant transformation of epithelial cells and invasion of tumor cells. The FGF-FGFR pathway plays important physiopathological roles in controlling the cells of the extracellular matrix, mainly fibroblasts and endothelial cells, and mediates the cross-talk between tumor cells and the surrounding stroma.[@CIT0003],[@CIT0012],[@CIT0013] The FGF family contains 23 members, namely, 18 ligands and 5 FGF receptors (FGFRs).[@CIT0014] Located on chromosome 14p11, FGF18 promotes the proliferation of normal fibroblasts, liver and intestinal cells.[@CIT0015],[@CIT0016] Moreover, FGF18 also plays a major role in manipulating the growth and invasion of tumor cells. Autocrine FGF18, produced by a mutation in tumor cells, is overexpressed in gastric, breast and lung cancers and stimulates tumor cell growth.[@CIT0017]--[@CIT0019] Simultaneously, tumor cells stimulate stromal cells to produce and release paracrine FGFs, which activate FGFR expression and constitute the paracrine loop of tumor cells.[@CIT0014] It has been reported that autocrine and paracrine FGF18 is clearly involved in regulating the behaviors of colon and liver cancers.[@CIT0020],[@CIT0021]

There have been a few attempts to clarify the role of FGF18 in EC. It has been reported that bazedoxifene, an estrogen receptor modulator, can reduce stromal FGF18 expression by inhibiting the inducing effects of estrogen on ESCs.[@CIT0022] Another finding indicated that progesterone inhibits epithelial proliferation by inducing Stromal Heart and neural crest derivatives expressed transcript 2 (HAND2) to repress FGF18 expression in ESCs.[@CIT0023] These data are consistent with our findings that estrogen-induced stromal FGF18 stimulated the viability of EC cells. Hence, we can conclude that paracrine FGF18 in estrogen-treated ESCs might play major roles in EC carcinogenesis. The fact that stromal FGF18 was overexpressed in patients with type I EC further supported our conclusion because type I EC is closely associated with estrogen. In contrast, Flannery et al found that endometrial adenocarcinoma elevates FGF18 expression compared with normal endometrial epithelium.[@CIT0022] This finding was consistent with our observation that epithelial FGF18 was overexpressed in TMA, including cases with type I and type II EC. According to the notion that epithelial FGF18 plays a major role in the stimulation of epithelium in most solid cancers, it was reasonable to presume that epithelial FGF18 might exert some crucial functions in EC carcinogenesis. Autocrine epithelial FGF18 might have effects on both type I and type II EC, whereas paracrine stromal FGF18 only has effects on type I EC. However, further studies are needed to determine the extent to which autocrine FGF18 of epithelial cells is involved.

Our data revealed that FGF18 activated FGFR2 and FGFR3 to transmit proliferative signaling through the ERK and AKt pathways. In recent years, there has been increasing interest in the downstream signaling of FGF18, which has proven that the ERK and/or AKt pathways are major downstream pathways of FGF18 in lung, gastric, liver and breast cancers.[@CIT0017],[@CIT0019],[@CIT0024],[@CIT0025] Survivin and CD44V6 are downstream targets of ERK and/or AKt signaling in several malignancies, such as colorectal, breast and oral cancers.[@CIT0026]--[@CIT0028] Some FGFs of FGF-family genes, such as FGF8 and FGF2, can promote Survivin expression in rectal and small cell lung cancers.[@CIT0029],[@CIT0030] Blocking FGFR expression in pancreatic cancer cell lines also inhibits Survivin expression.[@CIT0031] Our experiment suggested that the FGF18-FGFR2 and FGF18-FGFR3 pathways had a close correlation with Survivin and CD44V6 in EC through the ERK and Akt pathways. The enhanced FGF18-induced Survivin and CD44V6 protein levels are helpful in understanding the promotion of EC cell proliferation and invasion.

Inhibition of the FGF/FGFR pathway as a therapeutic approach in various cancers has been applied for several years, with its consequent effects on both parenchymal and stromal tumor compartments.[@CIT0032] Moreover, approximately 10% of EC cases have an FGFR2 mutation that is associated with shorter patient survival. It seems that we should consider inhibitors of FGF-FGFR signaling as a candidate approach for the targeted therapy of EC. Figure 1Identification of ESCs and E2 treatment. (**A**) The WB results indicated that of the different ESCs (NE, EAH and EEC) were positive for Vimentin, ERα and ERβ, but negative for CKpan expression. (**B**) Primary culture ESCs and hESCs had morphological alterations from oval- and short fusiform-shaped to slim- and fishbone-like arranged shapes after E2 treatment. Figure 2Estrogen promoted ESCs to increase paracrine FGF18 expression. (**A**) The results of the Agilent microarray revealed 11 upregulated and 10 downregulated genes of FGF-related family members after 10 nM E2 treatment for 3 d, but only FGF18 expression was upregulated 3.46-fold. (**B** and **C**) FGF18 expression was elevated in primary ESCs and hESCs after 10 and 100 nM E2 treatment. (**D**) ELISA results demonstrated that paracrine FGF18 protein levels in CM from ESCs and hESCs were enhanced after 10 and 100 nM E2 treatments for 48 h (\*P≤0.05; \*\*P≤0.01; \*\*\*P≤0.001). Figure 3E2 promotes the proliferation and invasion of EC lines via paracrine FGF18 expression. (**A**) The model of co-cultured hESCs and ECs. (**B** and **C**) Estrogen-treated hESCs promoted the proliferation of Ishikawa and Hec-1A cells through a paracrine mechanism. (**D**) The model for the cell invasion assay. (**E** and **F**) The numbers of invading Ishikawa and Hec-1A cells increased after co-culture with CM from estrogen-treated FGF18-knockdown cells for 24 h. (**G**) FGF18 expression in FGF18-knockdown hESCs was obviously less than that in the negative control cells. (**H**) In spite of treatment with 10 nM E2 for 48 h, ELISA results revealed that the paracrine FGF18 protein levels in CM of siRNA FGF18-transfected hESCs decreased markedly. (**I** and **J**) After co-culture with si-FGF18 hESCs, Ishikawa and Hec-1A cells had decreased proliferation compared to the negative control groups of si-NC hESCs. (**K** and **L**) The number of invading Ishikawa and Hec-1A cells was decreased after culture with CM from estrogen-treated FGF18-knockdown cells for 24 h (\*P≤0.05; \*\*P≤0.01; \*\*\*P≤0.001). Figure 4FGF18 bound FGFR2 and FGFR3 to activate downstream ERK and Akt signaling. After knockdown of FGFR expression in Ishikawa cells (**A**), a few downstream target genes of FGF18-FGFR signaling were detected by WB assay (**B**). (**C**) FGFR2- and FGFR3-knockdown Ishikawa cells had reduced expression of phospho-ERK, phospho-Akt, Survivin and CD44V6; FGFR1- and FGFR4- knockdown cells had the same expression of phospho-ERK, phospho-AKT, Survivin and CD44V6 as the control group of si-NC Ishikawa cells; and the expression of ERK, Akt, and P53 was not different among all FGFR-knockdown groups. (**D** and **E**) After co-culturing FGFR2/4-knockdown Ishikawa cells and hESCs, the results showed that FGF18/si-FGFR2 signaling inhibited the proliferation and invasion of Ishikawa cells compared to FGF18/si-NC or FGF18/si-FGFR4 signaling (\*P≤0.05; \*\*P≤0.01; \*\*\*P≤0.001). Figure 5Clinical patients with type I EC had higher stromal FGF18 expression. (**A**) FGF18 expression was detected in 5 primary culture ESCs derived from NE, EAH and EEC patients using WB. (**B**) The results demonstrated that ESCs in EEC had higher FGF18 expression than ESCs in NE and EAH, but FGF18 expression levels in ESCs of the NE and EAH groups were not different. (**C**) Stromal and epithelial FGF18 expression in EC TMAs was determined by immunohistochemistry staining, and the results showed that stromal (short arrow shown) and epithelial (long arrow shown) cells of type I EC had strong expression of FGF18, whereas only the epithelium of type II EC had increased FGF18 expression. (**D**) TMA revealed that patients with type I EC had higher stromal FGF18 scores than patients with type II EC or with proliferative phase endometrium (\*P≤0.05; \*\*P≤0.01).
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